F ollowing US Food and Drug Administration approval in 2011, transcatheter aortic valve replacement (TAVR) has been used with increasing frequency for the treatment of severe aortic stenosis in patients who have high or prohibitive risks with conventional surgical AVR. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Compared with the pivotal trial experience, patients treated after regulatory approval in the United States include some patients previously excluded from the pivotal trials, such as those with untreated clinically significant coronary artery disease requiring revascularization or hemodynamic instability requiring inotropic support or ileofemoral vessel characteristics that precluded safe placement of commercial devices then available for implantation. Additionally, these patients were often treated at sites without trial experience, with a broader group of less experienced operators, and with less rigidly standardized treatment protocols.
In a previous study following the initial postapproval commercial experience with this device among 7710 patients in the Society of Thoracic Surgeons/American College of Cardiology (STS/ACC) Transcatheter Valve Therapies (TVT) Registry who underwent TAVR from November 2011 to May 2013, the overall in-hospital mortality rate was 5.5% and the stroke rate was 2.0%, and among patients with available follow-up at 30 days (n = 3133), the overall mortality rate was 7.6% and the stroke rate was 2.8%. 13 However, the longer-term outcomes for these patients remain unknown.
In this study, we extended the follow-up for this cohort of patients in the STS/ACC TVT Registry who underwent TAVR to evaluate 1-year outcomes linked with Centers for Medicare & Medicaid Services (CMS) administrative claims data to address the following questions: (1) What is the 1-year incidence of death and stroke among US patients undergoing TAVR? (2) What associations, if any, exist between baseline patient characteristics and 1-year clinical outcomes that could be used to guide clinical decision making for future candidates? and (3) What are the rate of rehospitalization and the average time alive and out of the hospital during the first 6 months following TAVR?
Methods
Design, Setting, and Participants TVT Registry The TVT Registry 3 is a collaborative clinical registry program developed by the STS and the ACC in response to the CMS National Coverage Determination (May 2012) requirement for national registry participation of all US TAVR centers. 3 Participating centers use standardized definitions 3, 9, 14 to collect clinical information on consecutive TAVR cases including patient demographics, comorbidities, functional status, quality-oflife indexes, and procedural details and outcomes (eAppendixes 1 and 2 in the Supplement). Race and ethnicity data are captured by each hospital and based on US Census Bureau data standards. Data quality checks have been implemented at the National Cardiovascular Data Registry data warehouse and Duke Clinical Research Institute to optimize data completeness and accuracy.
The ACC and STS understand the importance of protecting human research participants and have signed a Federal-Wide Assurance with the Department of Health and Human Services that requires all human subjects research to be conducted in compliance with the Common Rule (45 CFR §46). The ACC and STS have designated Chesapeake Research Review Incorporated as its institutional review board of record. Each registry has submitted a protocol to the institutional review board, which governs all human subjects research conducted by the registry. The TVT Registry protocol on file has been granted a waiver of informed consent.
Study Cohort
TVT Registry clinical records for procedures performed from November 2011, through June 2013, were linked to Medicare administrative claims using direct patient identifiers (name and social security number) by the CMS (eFigure 1 in the Supplement). Claims filed through the end of June 2013 were included in the analysis set. Per the CMS National Coverage Determination, all patients had echocardiographic documentation of severe aortic stenosis and an assessment by 2 cardiothoracic surgeons who independently deemed the patients as at high or prohibitive surgical risk of mortality from AVR. Of the Medicare-linked TVT records, 3610 records were excluded from this study cohort because of patient nonparticipation in the Medicare Parts A and B fee-for-service program at the time of the index procedure or an inability to link the index admission to a Medicare inpatient claim. For calculation of both rehospitalization and number of days alive and out of the hospital in the first year after TAVR, procedures performed on or before June 30, 2013, were included, allowing for a minimum of 1 year of follow-up for all patients in this cohort.
Study Outcomes
Primary outcomes included death, stroke, and combined death and stroke at 30 days and 1 year and days alive and out of the hospital at 1 year. In-hospital outcomes were collected from the TVT Registry, and both stroke and reoperation outcomes were adjudicated by a board-certified cardiologist at the Duke Clinical Research Institute Analysis Center using Valve Academic Research Consortium definitions. 9, 14 This process involved review of specific site queries and deidentified source records as needed. Following hospital discharge, death was identified using the Medicare Denominator file. Patient follow-up was considered to be censored at the end of the follow-up period (June 30, 2014).
Medicare in-hospital administrative claims files were used for detection of rehospitalization events during the study interval using the following For rehospitalization, follow-up was censored at the time of death, end of fee-for-service coverage, loss of Part A or B coverage, or end of the follow-up period, whichever occurred first. As an outcome of particular interest to patients, days alive and out of the hospital were calculated during the first 365 days after TAVR by counting the number of days alive during that period and subtracting the sum of the number of days of index hospitalization plus those of all hospital admissions following index hospital discharge. The days alive and out of the hospital are reported for a total of 1 year of eligible days after TAVR.
Statistical Analysis
Baseline patient characteristics were summarized as percentages or medians and interquartile ranges as appropriate and compared across subgroups using χ 2 , Wilcoxon, or Kruskal-Wallis 2-sided tests. For analyses of mortality, including an exploratory analysis in a small group of potentially very highrisk patients, the Kaplan-Meier method was used for unadjusted event rates to 1 year overall and within subgroups based on the following patient preprocedural covariates: age, sex, renal function, left ventricular ejection fraction (LVEF), access site, chronic obstructive pulmonary disease (COPD), and the STS Predicted Risk of Operative Mortality (PROM) score. The STS PROM score has been validated for predicting mortality from surgical AVR; it uses an algorithm of 24 variables from a total of more than 50 risk factors. 15 Differences in mortality risk across covariate subgroups were assessed using Cox proportional hazards models. For unadjusted analyses, we fit a separate univariate Cox model for each covariate and included a set of binary subgroup indicators for modeling subgroups. Patients with missing data for the covariate of interest were excluded. For adjusted analyses, all subgroup indicator variables were included as covariates in a single multivariate Cox model. For these analyses, missing data were imputed to the most common category. Multiple imputations were not used for this analysis because of the low rate of missing data and because multiple imputation has had negligible statistical effect on previous analyses of other STS and ACC registries. 16 Unadjusted and adjusted hazard ratios (HRs) comparing mortality risks across subgroups were estimated along with 95% approximate confidence intervals and Wald-type P values. For all analyses, a 2-sided P<.05 was considered statistically significant, and all analyses were performed at the Duke Clinical Research Institute using SAS software, version 9.3 (SAS Institute Inc).
Days alive and out of the hospital were summarized by simple descriptive statistics and compared across subgroups using Wilcoxon or Kruskal-Wallis 2-sided tests. For analyses of stroke, heart failure, and aortic valve reintervention, analysis focused on estimating the cumulative incidence function (CIF), the cumulative probability of an end point occurring over time in a patient's lifetime. The CIF is the appropriate parameter for describing nonfatal events from a patient perspective in a setting of high competing mortality risk. Unlike standard time-to-event methods, which describe the probability of a nonfatal end point occurring in a hypothetical death-free en-vironment, the CIF models the probability that an end point will actually occur, given that death may preclude an event from occurring. For each subgroup of interest, the CIF for stroke was estimated nonparametrically using the Fine and Gray method. [17] [18] [19] [20] Differences in unadjusted and adjusted stroke incidence across subgroups were assessed using the Fine and Gray proportional subdistributions hazards model. [17] [18] [19] [20] Covariates for this model were identical to the mortality Cox model. Hazard ratios from this model describe the relative risk of experiencing a stroke in a setting in which stroke events may be precluded by early deaths in some patients. All analyses were performed using SAS version 9.3. The clinically selected variables to evaluate association with both death and stroke included age, sex, race, COPD, renal function, dialysis therapy, LVEF, procedural access site (transfemoral vs alternative access), and STS PROM score.
Results

Study Cohort
After including only the first TVT Registry admission for each patient, 12 182 TVT Registry records linked to CMS administrative claims data from 299 sites were identified and included in the final study cohort (eFigure 1 in the Supplement); 51.9% were women. These 12 182 patients were similar to the excluded patients in baseline characteristics and in-hospital mortality and stroke (eAppendixes 3 and 4 in the Supplement). The median age was 84 years (interquartile range, 79-88 years) and 258 patients (2.1%) were aged 95 years or older, 95.3% were white, 2.8% were black, and 1.8% were Hispanic or other single or combined nationality group ( Table 1) .
Baseline functional status was poor, with New York Heart Association class III/IV in 82.5%. Among the study cohort, the median STS PROM score was 7.1% (interquartile range, 4.8%-10.9%), including 30.8% of patients (n = 3748) with an 8% to 15% risk and 11.9% (n = 1444) with greater than 15% risk. The 5-m walk time considered to be a slow gait indicative of patient frailty was longer than 6 seconds and was found in 39.6% of patients. Comorbidities were common, including reduced LVEF (<45%) in 25.5%, prior stroke (12.2%), moderate or severe lung disease (27.8% overall, with 14.1% oxygen dependent), renal failure (15.9% overall, with 3.9% undergoing dialysis), peripheral vascular disease (32.4%), and atrial fibrillation (41.9%). The prevalence of prior open heart surgery was 34.0%; a calcified aorta was present in 6.8%, and surgeons described anatomical conditions that precluded safe sternal reentry for open cardiac procedures ("hostile chest") in 8.2%. A transfemoral approach for TAVR was used in the majority, but alternative modes of access were used in 43.6% of patients.
Procedural Outcomes
As shown in Table 1 , in-hospital death occurred in 633 cases (5.2%), stroke in 231 (1.9%), and transient ischemic attack in 34 (0.3%). A "valve-related complication" occurred in 236 (1.9%), prompting conversion to open heart surgery in 169 (1.4%). The majority of patients were discharged to home (n = 6907 [59.8%]), an extended-care/transitional-care unit or rehabilitation facility (n = 3733 [32.3%]), or a nursing facility (n = 722 [6.3%]), while a small minority were discharged to an acute care facility (n = 75 [0.6%]) or hospice (n = 64 [0.6%]).
Outcomes to 1 Year
At 30 days, 7.0% of patients had died, and stroke had occurred in 2.5%. Mortality increased at 6 months to 16.7% and was 23.7% at 1 year ( Table 2 and Figure 1A ). The incidence of stroke was 4.1% at 1 year. The 1-year composite outcome of incidence of death or stroke was 26.0%.
Among the study population (n = 12 182), 2074 patients (24.4%) were rehospitalized only once within 1 year, 1525 (12.5%) were hospitalized twice, and 1415 (11.6%) had 3 or more hospitalizations. The specific cause of readmission during the first year using ICD-9-CM codes ( Table 2) included heart failure in 14.3%, repeat aortic valve intervention in 1.4%, and a composite of stroke/heart failure or repeat aortic valve intervention in 18.6% ( Figure 1B) . The cumulative composite incidence of mortality and valverelated hospitalization is shown in Figure 1C . Among patients with a full 12 months of available follow-up data (n = 6314), the patients were alive and out of the hospital for a median of 353 days (interquartile range, 312-359 days). Of the characteristics examined, several were associated with less time alive and out of the hospital during this interval, 
Baseline Factors Associated With Increased 1-Year Mortality and Stroke
Several patient characteristics were associated with post-TAVR 1-year mortality. These included advancing age, male sex, severe lung disease, renal failure (dialysis dependent and non-dialysis dependent), nontransfemoral access, and increasing baseline STS PROM score (Figure 2 and eFigures 2-9 in the Supplement). There was a graded increase in mortality as age increased. ). An exploratory analysis was performed in a small, potentially very high-risk group of patients with severe composite comorbidities including combinations of age, dialysis, and increased STS PROM score. In this analysis, of 77 patients (0.63% of 12 182) who were aged 85 to 94 years, undergoing dialysis, and had an STS PROM score higher than 15%, in-hospital mor-tality was 10.39% (n = 8) and 1-year mortality was 53.51% (n = 35). In a somewhat larger group of 198 patients aged 75 years or older, undergoing dialysis and with an STS PROM score higher than 15% (1.63% of the total of 12 182), in-hospital mortality was 11.62% (n = 23) and 1-year mortality was 48.75% (n = 84).
By 30 days and 1 year after TAVR, stroke occurred in 2.5% (95% CI, 2.2%-2.7%) and 4.1% (95% CI, 3.7%-4.5%) of patients, respectively. Several preoperative covariates were not associated with increased 1-year stroke rates, including increasing age, COPD, LVEF, access site, STS PROM score, and atrial fibrillation/flutter. Only 1 baseline variable, female sex, was associated with increased stroke ( Figure 3A) . Among women, stroke was reported in 4.8% (95% CI, 4.3%-5.4%) at 1 year vs 3.3% (95% CI, 2.8%-3.8%) in men (HR, 1.40; 95% CI, 1.15-1.71).
Multiple variables were associated with subsequent heart failure ( Figure 3B ), mainly preprocedural baseline comorbidities, including more severe COPD, LVEF, STS PROM score, and preoperative atrial flutter. Neither age nor sex had a significant association. 
Discussion
This study merged data from the STS/ACC TVT Registry with CMS administrative claims data using direct patient identifiers to determine 1-year outcomes in 12 182 patients from 299 sites in the TVT Registry. The major findings were that (1) after approval of the device and widespread commercialization, patient outcomes in the broader community included 1-year rates of 23.7% for mortality, 4.1% for stroke, and 26.0% for the composite outcome of death and stroke; (2) at 12 months of follow-up, 46.8% of patients who remained alive had not been rehospitalized and 24.4% had required only 1 additional hospitalization; (3) readmission for a composite of stroke, heart failure, or repeat aortic valve intervention occurred in 18.6%; (4) specific baseline characteristics were found to be independently associated with 1-year mortality, including male sex, severe COPD, end-stage renal disease requiring dialysis, increased STS PROM score, advancing age, and history of atrial fibrillation/flutter; in addition, nontransfemoral access was associated with increased mortality; and (5) in contrast to factors associated with increased 1-year mortality, only female sex was associated with increased stroke. Although 3 randomized trials and multiple single-center and multicenter registry studies have been published, 4, 6, 10, 11, [21] [22] [23] [24] [25] [26] the profile and longer-term outcomes of US TAVR cases in routine clinical practice remains limited. 13 The STS/ACC TVT Registry was developed in response to a CMS mandate to capture all patients in the United States undergoing commercial TAVR procedures to have an accurate assessment of enrollment in and outcomes of this approach in the broadest possible population. 3 In the current study of 12 182 patients, the patients treated were elderly and had multiple comorbidities, similar to prior TAVR studies. An important consideration in this cohort is the median STS PROM score of 7.1%, with STS PROM scores higher than 15% in 11.9% of patients and between 8% and 15% in 30.8% of patients. The median STS PROM score in the current study is lower than in the PARTNER A 11 and B trials, 10 in which the mean STS PROM scores were 11.8% (SD, 3.3%) and 11.2% (SD, 5.8%), respectively. It is, however, similar to the mean STS PROM score observed in the recent randomized CoreValve study (7.3% [SD, 3.0%]). 4 Whether the lower STS PROM score in the TVT Registry represents a broadening in selection criteria to include lower-risk patients or whether that specific score may actually underestimate surgical risk as determined by experienced cardiovascular surgeons is unknown. Although several risk prediction scores have been developed, the results of cross comparisons of these have been quite variable. [27] [28] [29] [30] [31] The initial in-hospital and 30-day outcome data from the TVT Registry have now been published and are reported to be within the range of multiple other published experiences. 13 Similarly, the rate of 1-year mortality reported within the TVT Registry is similar to that in other comprehensive reports. 21, 22, [32] [33] [34] Although this study includes only patients considered to have high risks with AVR, the majority of this mortality does not represent periprocedural complications, as 30-day mortality was only 7.0%. As such, this makes it imperative to focus on better prediction of the overall risks and benefits of the procedure, particularly given the existing comorbidities of the group of patients being considered for TAVR.
It may be possible to identify patients who may not benefit from this procedure and who should be counseled accordingly. For instance, in this study, small, very high-risk subsets of patients such as those aged 85 to 94 years, undergoing dialysis, and having an STS PROM score higher than 15% can be identified. In this small group (n=77 patients), 1-year mortality of 53.51% was documented. This must be taken into consideration in patient selection criteria and in counseling patients and their families. However, even though mortality at 1 year is high in this group, quality of life and the potential to decrease rehospitalizations for congestive heart failure are important additional issues to be considered. The low event numbers in this exploratory analysis mandate that caution should be used in applying these data to decisions regarding patient selection.
This database of the large majority of patients being treated in the United States during this time using a commercially available device identified different risk factors associated with death, stroke, and time alive and out of the hospital. The factors associated with 1-year mortality included specifically endstage renal disease requiring dialysis, severe COPD, increasing age, male sex, and 1 procedural factor-alternative access, which may be a surrogate for more advanced disease such as peripheral arterial disease or the inability to tolerate a more invasive procedure.
In contrast, when the same risk factors were evaluated for the risk of stroke at 1 year, only female sex was statistically significant. Whether this relates to other unmeasured comorbidities in women, such as the presence and distribution of ascending aortic atheroma or the use of large delivery sheaths, is unknown but may be important for patient and family counseling. The increased risk of mortality but lower risk of stroke among men vs the benefit of improved relative survival at the risk of increased stroke in women must be taken into consideration and further studied.
An important consideration for these elderly patients with severe comorbidities is the need for repeat hospitalizations, which are not only very costly but also are indicative of an un-acceptable quality-of-life outcome. Factors associated with reduced time alive and out of the hospital included mainly baseline comorbidities: female sex, moderate or severe lung disease, renal failure, increased STS PROM score, and the need for nontransfemoral access.
This analysis that links both clinical and administrative data sets has several important limitations. First, at present, STS PROM scores are calculated on-site using the STS scoring system. The data quality checks were limited to submitted data. These data did not include post-TAVR paravalvular leak or mitral regurgitation, which require core laboratory assessment and are beyond the scope of this registry. Second, there are no data on center/physician outcome nor specific data in the administrative database on cause of death, only on cause of rehospitalization, which from the medical care resource utilization perspective is of great importance. Third, there are also no data on a comparable group of patients who received surgical AVR. Only Medicare fee-for-service patients were included, although current criteria were used that likely capture the majority of patients being considered for TAVR. Fourth, only commercially approved devices were evaluated. As the number of newer investigational devices increases, data on the denominator of all US TAVR patients will not be available, although most newer devices will not have 1-year follow-up data and will not be used in a broad group of centers as seen in this experience. Fifth, administrative claims data have advantages and disadvantages, the latter of which relate to the sensitivity and specificity of events that may be different than the careful adjudication required in US Food and Drug Administration trials in highly selected centers. However, administrative claims data may better reflect TAVR use and outcomes in clinical practice and may be more useful for comparative effectiveness research because they reflect the presence of an event either during follow-up or necessitating a subsequent hospitalization. Finally, some unidentified but potentially prominent characteristics associated with end points dealing with frailty may not have been recognized or fully evaluated.
